Summary: A separate moire photograph of 380 men's back was taken. Using a micro-computer the sagittal configuration of the spinal curvature line was reconstructed based on the moire fringe on the back. Then the sagittal configuration of this line was compared among groups according to their sports: rugby, soccer, kendo, swimming, yachting, four track and field events (sprinting, distance running, jumping, and throwing), body-building as well as non-athletic men.
Thoracic kyphosis and lumbar lordosis of humans are two of the most anatomical features among mammals that have long been of concern. A few hypotheses regarding the generation of these curvatures have been made: they protect the vertebrae from harmful force such as gravity, the bearer's own weight or something external (Beckers and Bekaert, 1991) ; the lordosis is believed to compensate for the kyphosis (Kaneko, 1973) .
The degree of normal thoracic kyphosis and lumbar lordosis reported to date has ranged widely (Stagnara et al., 1982; Bernhardt and Bridwell, 1989) , because the sagittal configuration of the spinal curvature line differs from person to person even if he or she has a normal spine. It is therefore worthy of consideration whether the degree of thoracic kyphosis and lumbar lordosis depends on one's life style of life, for example, taking part in sports almost every day.
In this study moire equipment was used noninvasively to measure the sagittal configuration of the spinal curvature line. The purpose of this study was to clarify whether there is a difference in the sagittal configuration of this line depending upon an individual's engagement in sports and, if so, to identify that part which is different.
Materials and Methods

Subjects
The study consists of 380 men categorized into 11 groups by their sport: rugby, soccer, kendo, swimming, yachting, four track and field events (sprinting, distance running, jumping, and throwing), body-building and 1 group with no athletic engagement (see Table 1 ). All subjects were Japanese students aged 18-23 except the yachtsmen who were Japanses non-student aged 23-40. Their careers in sports ranged from 4 to 17 years and they ranked high in national or student's competitions, respectively. Anthropometrical measurements: height, weight. chest girth, sitting height and chest depth were taken following the procedures of Martin and Seller (1957) .
Moire topography
A moire photograph of every subject's back was taken as he stood in a relaxed position, that is, not at attention, looking straight forward, arm hanging at his side and with hands supinating, feet pointing forward, slightly separated (Terada and Fujita, 1978) . The interval of moire fringe was set at 3 mm.
Using a digitizer and a micro-computer, the moire fringe interval and its position on the spine from the level of the vertebra prominents to the level of Jacoby's line (Fujita, 1972) , a straight line was recorded between the most protrudent points on both crista iliaca. When the spinal curvature was recostructed with the micro-computer, the spline function (Hino, 1977) was used for an interpolation.
Analysis method for the sagittal configuration of spinal curvature line
The procedure for analysis of the spinal curvature line was composed of four stages which were programmed in a micro-computer: first was the drawing of a straight line (line A), which was standardized at a length of 1000 mm from the point of the vertebra prominens (C and first point) to the level of Jacoby's line (J and last point). Secondly, 101 points including the first and last and being equally apart from each other on the straight line were dropped. Next, thirdly, the distance from each point on the straight line to the spinal curvature line was measured and recorded ( Fig. 1) . Finally, these values were statistically compared among groups.
Results
Morphological features
The means for the anthropometrical measurement shown in Table 1 indicate the differences in value from group to group. Throwers had the largest measurements. Bodybuilders had the distinctive feature of relatively larger values in both chest girth and depth but were the smallest in height. Nonathletes had the smallest value of chest depth.
Spinal line configuration
The mean values for each 101 analysis points are shown in Table 2 . Plate 1-2 shows a reconstructed sagittal configuration of the spinal curvature line. The figure clearly shows that in the upper part that increasing values of distance runners and sprinters were greater, while rugby and soccer players were smaller than those of other groups. In the same manner, in the middle part a decreasing value for distance runners and sprinters; in the lower part the values for distance runners, sprinters and throwers were greater; whereas in the middle part non-athletes, rugby players, soccer players and swimmers and in the lower part throwers, had smaller values than those of other groups, respectively. Bodybuilders, however, did not have high frequency in the results of T-test (it will be mentioned latter); the middle and lower parts of their spinal curvature line differed from many other groups.
Means of the standardized increasing or decreasing value are shown in Table 3 . In general, the values at first were relatively large but decreased as the point number increased. These signs were reversed and ranged from 37th point number (distance runners) to 40th (swimmers). They decreased even further and had a minimum value over a wide range from 56th (throwers) to 79th (bodybuilders), consequently their sign was reversed again from 89th (throwers) to 95th (bodybuilders).
The results of T-test between the groups are shown in Table 4 . There were three parts in which significant differences were displayed: the upper, middle and lower parts of the spinal curvature line. Distance runners, soccer players, sprinters and rugby players frequently showed significant difference in the upper part; distance runners, sprinters, nonathletes, swimmers and soccer players in the middle part, and swimmers, distance runners, non-athletes and throwers in the lower part. In other words, those groups had a higher frequency of a distinctive appearance than others in the part of the curvature line mentioned.
Discussion
An adult vertebral column has two kyphoses and two lordoses. Kyphoses are called primary curvatures and the lordoses secondary or compensatory curvatures (Kaneko, 1973) . Around the beginning of this century many studies were done on these curvatures pertaining mainly to military posture. Recently, however, the vertebral column has drawn attention from another points of view, low back pain (Ohlen et al., 1989) or mobility (Wing et al., 1992 ., 1989 ). In addition, the normal sagittal configuration of the spine varies greatly (Stagnara et al., 1982; Bernhardt and Bridwell, 1989) , so it is entirely reasonable that the spine of an athlete would be different depending on their particular sport. Bernhardt and Bridwell (1989) studied the apices of the thoracic and lumbar curves, and reported that the mean thoracic kyphotic apex was at the T6-7 disc and the lumbar lordotic apex was at the L3-4 disc. Fig. 2 shows a schematic of the spinal curvature line with the point of analysis used in the present study. The level of the thoracic kyphotic apex was found to be lower than in the Bernhardt and Bridwell study but the level of the lumbar lordotic apex was similar. Those differences may be due to differences in analyzing methods, perhaps because Bernhardt and Bridwell did not standardize the position of the spine of their subjects, otherwise the level of thoracic kyphotic and lumber lordotic apices should be different from the normal (Uetake, 1987) .
It is well known that there is positive correlation between the degree of thoracic kyphosis and that of lumber lordosis (Stagnara et al. , 1982; Voutsinas and MacEwen, 1986) . This is reasonable if the lordosis compensates for the kyphosis. Thus a person with a large degree of kyphosis generally has a large degree of lordosis; the converse is also true. In this study, a typical group demonstrating the former are distance runners and sprinters, while non-athletes epitomize the latter. It is believed that the middle and distance runners must be required to have strong breathing abilities, despite their anthropometrical features of light weight and small chest girth. They must, consequently, have great chest depths for their physiques Fig. 2 Vertebral column and it's analyzing points.
( Table 1) . Sprinters must, in order to run fast, have strong musculature not only of their lower limbs but of their upper limbs. It seems likely that there are deep relationships between the qualities required by distance runners and sprinters and in the shape of their spinal curvature line. Of special interest is the fact that the configuration of the spinal curve is changed in only certain aspects in some groups. For instance, the degree of lumbar lordosis of swimmers and bodybuilders is less than in other groups while that of thoracic kyphosis is unchanged. A swimmer lies either face down or face up in the water and must keep his body in as streamlined a shape as possible to swim fast. To achieve this, he usually follows a training program to strengthen the abdominal and back musculature (Furuhashi, 1976) . Bodybuilders, on the other hand, have a weight-training program for their whole body to strengthen their musclature. For a series of lift of heavy barbell lifts such as the "stiff legged dead lift", "high clean" , "split clean and jerk", "split snatch", etc (Kubota, 1977) , the athlete's spine must be kept erect. As Asmussen and Klausen (1962) reported earlier, back muscles act mainly to maintain the erect position of the spine. It may be that bodybuilders lifting heavy weight need much stronger back musculature, especially in the lumbar region. In swimmers and bodybuilders, the requirements mentioned above are thought to affect the configuration of their spinal curvature line.
Rugby and soccer players also have a partial peculiarity but it is different from swimmers or bodybuilders: The degree of thoracic kyphosis of rugby and soccer players is less than average while the degree of lumbar lordosis is average. Unfortunately, the author could not identify a clear interactions of cause and effect except for a few things: soccer and rugby players must keep their heads up to survey the action of the game, soccer players often control a ball with their chest thrown out. It may be that these things affect the configuration of their spinal curvature line.
The present results suggest that there are sporting events which selectively affect the spinal curvature and the process involved in the creation of these selective peculiarities is similar to that identified by Gozdziewski et al. (1989) . (7" r:67 C C rD rD , Table 4 . Continue R: rugby, So: soccer, K: Kendo, Sw: swimmer, Y: yachting, Sp: sprinting, Ml: distance running J: jumping, T: throwing, B: bodybuilding, U: non-athlete. * ,** The difference is statistically significant (P < 0.05, P < 0.01, respectively).
